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tj.2012.0Abstract Aim: The purpose of this study was to evaluate the effect of gravity and capillarity on
penetration of human salivary bacteria into the entire length of obturated root canals, and to dem-
onstrate the dye penetration conﬁguration.
Materials and methods: Fifty single-rooted premolars were decoronated, prepared to a standard-
ized length of 15 mm, instrumented, and randomly divided into two groups (A and B) of 25 teeth
each. Each group consisted of experimental (15 samples) and negative and positive controls (ﬁve
samples each). The experimental groups were obturated with gutta-percha and root canal sealer.
The positive control groups were obturated with a single cone of gutta-percha and root canal sealer.
The outer surfaces (except for the apical 2 mm) were covered with two layers of nail varnish. An
apparatus containing Brain Heart Infusion broth was designed, in which the teeth were placed.
The samples in Group A were placed upside down, while Group B was placed normally. The coro-
nal portions of the samples were placed in contact with fresh saliva. The number of days required
for bacteria to penetrate the entire length of canals was determined. The samples were thennt of Endodontics, School of
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158 K. Karamifar et al.immersed in India ink to determine the dye penetration conﬁguration. Data were analyzed using
Student’s t-test.
Results: The extent of dye penetration was signiﬁcantly greater in Group B compared to Group
A, and they were in a pattern rather than linear form.
Conclusions: Gravity and capillarity insigniﬁcantly affected bacterial leakage. Although gravity
and capillarity did not affect bacterial penetration when applied to the coronal access of endodon-
tically treated teeth, it seems that they can promote penetration of India ink into the canal after the
bacterial test on the same tooth.
ª 2012 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Successful endodontic treatment requires biomechanical canal
preparation for debriding and enlargement of the canal system,
as well as obturation of the prepared canals in a three-dimen-
sional fashion. Success rates for endodontic treatment increase
as canal preparation and the seal of the obturation technique
improve (Khayat et al., 1993).
Loss of seal and presence of leakage can occur in both coro-
nal and apical directions in obturated canals. Although apical
leakage is an important factor in the failure of endodontic
treatments, more credit is given to coronal leakage (Madison
et al., 1987; Heling et al., 2002). Moreover, even with satisfac-
tory root ﬁlling, bacterial leakage along the root canal is inev-
itable (Swanson and Madison, 1987; Torabinejad et al., 1990;
Khayat et al., 1993; Trope et al., 1995). Coronal leakage pro-
vides a constant source of microorganisms and nutrients that
initiate and maintain periradicular inﬂammation, and may be
the most important cause of failure in endodontic therapy
(Leonard et al., 1996).
Currently, the standard root ﬁlling material is a combina-
tion of sealing cement with a central core material. Although
gutta-percha is a widely accepted and used material for root
ﬁlling, its ability to fully entomb the remaining bacteria and
adapt to the irregularities of the inner wall of the root canal
is under question (Sjo¨gren et al., 1997).
It has been shown that a combination of good coronal res-
toration and poor endodontic treatment results in fewer peri-
apical inﬂammatory lesions than a combination of poor
coronal restoration and good endodontic treatment (Heling
et al., 2002), and improper restoration leads to loss of more
endodontically treated teeth than actual failure of endodontic
therapy (Weine, 1989). In addition, if the obturated root canals
are exposed to the oral environment for more than three
months, the root canals should be retreated before placement
of a permanent coronal restoration (Magura et al., 1991).
Temporary restorations can provide a bacterial-free seal for
at least three weeks (Beach et al., 1996), but placing a coronal
seal immediately after root canal therapy has been suggested
(Roghanizad and Jones, 1996).
Fluids travel under the effect of gravity and capillarity,
which can affect the penetration of ﬂuids into the capillary lu-
mens. Therefore, saliva may penetrate more rapidly in coronal-
ly unsealed mandibular teeth compared to maxillary teeth.
This may give the clinician a better indication of whether a
treated root canal with no adequate coronal seal for a period
of time should undergo retreatment or immediate coronal seal
(Swanson and Madison, 1987).
The purpose of this study was twofold: ﬁrst, it sought to
evaluate the effect of gravity and capillarity on human salivapenetration into coronally unsealed obturated root canals,
and second, it sought to show how dye penetrates into the root
canal.
2. Materials and methods
All procedures performed in this study conformed to protocols
reviewed and approved by the Thesis Committee of the Dental
School of Shiraz University of Medical Sciences. Fifty freshly
extracted single-rooted human premolars were randomly di-
vided into two groups (A and B, 25 canals each). The samples
in each group were subdivided into two experimental groups
(15 canals each) and two control groups (ﬁve positives and ﬁve
negatives). The teeth were examined under illumination and
radiographs were taken to ensure that they were free of any de-
fects, fractures, or anatomic variations, followed by decorona-
tion to a standardized length of 15 mm.
The teeth were kept in 100% relative humidity before and
during the study. Root canals were prepared by the step-back
technique. The apical foramen of each root canal was enlarged
with a #40 K-ﬁle. The rest of the canal was then cleaned and
shaped with a #70 K-ﬁle. Approximately 2 mL of 5.25% NaO-
Cl was used as an irrigant between each ﬁle during cleaning
and shaping. The samples in the experimental groups were
obturated with gutta-percha and Roth’s sealer (Roth Drug
Co., Chicago, IL, USA) using the lateral condensation tech-
nique. In the positive control samples, a single cone of gutta-
percha and root canal sealer were used to obturate the canals.
The ﬁrst 2 mm of the ﬁlling material in the coronal portion was
removed in order to make a reservoir for saliva. Ten remaining
roots were selected as negative controls and ﬁlled with a single
cone of gutta-percha without any sealer. The entire external
surfaces of the roots in the negative controls were coated with
two layers of nail varnish (including the apical foramen). The
teeth were placed in a moist environment to allow the setting
of the sealer. Apart from the negative controls, the teeth were
coated with two layers of nail varnish, except for their apical
2 mm and their coronal access cavities.
A modiﬁed apparatus similar to that used in our previous
study (Khayat et al., 1993) was provided and used as follows:
A hole was made in the head cap of the bottles by bur, which
was smaller in diameter than the Eppendorf test tube. Approx-
imately 2 mm of the end of the Eppendorf test tube was cut
using a hot cutter. The ends of the Eppendorf test tubes were
heated to make them soft and resilient. Then the teeth were
quickly put in the tubes and pressed down to fully adapt to
the softened walls of the tubes. The gaps between the teeth
and the walls of the tube were sealed by another layer of nail
varnish and silicone resin glue. Approximately 2–3 mm of
the apical portion of the teeth was placed out of the tube
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fully adapt. All gaps were sealed by silicone resin glue. A hole
was made in the cap of the Eppendorf test tube as a route for
saliva deposition. The tubes and the head caps were sterilized
by ethylene oxide. Brain Heart Infusion broth was prepared
and poured into bottles and then autoclaved. Under sterile
conditions, the head caps and the Eppendorf test tubes, with
teeth inside them, were attached to the bottles. Each bottle’s
capacity was 15 mL. All the bottles were ﬁlled with medium
broth in order to cover the apical 2–3 mm of the hanged ob-
jects. Group A was placed upside down while Group B was
placed normally. Fresh saliva was collected every two days
from two of the investigators and placed through the hole into
the Eppendorf test tubes by a syringe. The samples were kept
at room temperature and saliva was refreshed every two days
to keep the bacterial population at a natural level. The number
of days for the broth to become turbid was recorded as an indi-
cator of entire root canal contamination (Fig. 1). The experi-
mental period was 60 days. The conﬁguration and extension
of dye was measured by exposing the samples to India ink
for 48 h. All the teeth were retrieved from the bottles and tubes
and washed under tap water before being placed in acetone toFigure 1 Medium broth turbidity after cremove the nail varnish and rubbed by gauze to fully clean the
teeth. The teeth were then cleared according to Tagger’s meth-
od (Tagger et al., 1983). The samples were completely demin-
eralized and decalciﬁed in 5% nitric acid for 14 days. Then the
teeth were immersed in 65% ethyl alcohol for 24 h. Then the
samples were immersed in 75% ethyl alcohol for 4 h, 85%
for 4 h, and 96% for 24 h. The teeth were placed in open air
to fully dehydrate. The next step was to immerse them in
methyl salicylate. The extent of dye penetration was evaluated
under an optical stereomicroscope (20· magniﬁcation, Blue
Light Industry, La Habra, CA, USA) and photographs were
taken by a digital camera (Exwave HAD, Sony, Tokyo, Japan)
(Fig. 2). The schematic representation of the apparatus can be
seen in Fig. 1. Data were submitted to Student’s t-test for sta-
tistical analysis.
3. Results
3.1. Group A
The positive controls showed turbidity of the medium broth
within 7 days. The negative controls remained sterile (exceptontamination and apparatus build-up.
Figure 2 Pattern of dye penetration.
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15 canals of the experimental samples were contaminated dur-
ing the experimental period.
3.2. Group B
The positive controls showed turbidity of the medium broth
within 5 days. The negative controls remained sterile until
the end of the experimental period. Ten of the 15 canals in
the experimental group were contaminated during the experi-
mental period. The time of contamination and the extent of
dye penetration are shown in Fig. 3. Statistical analysis dem-
onstrated no signiﬁcant differences in the length of contamina-
tion time between Groups A and B. To show the conﬁguration
of dye penetration, the samples were examined under a stereo-
microscope. Dye penetration occurred in a pattern conﬁgura-
tion along the dentinal walls of the root canals. In the
positive controls, the average extension of dye penetration in
A and B were 11.1 and 11.2 mm, respectively, while in the neg-Figure 3 Time of contamination (day) (X axis) in Groups A and B (l
and B (right) (Y axis).ative controls, the average extension of dye penetration in A
and B were 2.3 and 3.7 mm, respectively. Analysis of the exten-
sion of dye in the experimental groups showed that dye pene-
tration in Group B was signiﬁcantly (p< 0.05) more than that
in the samples in Group A. In addition, the route that allowed
the dye to penetrate through the root canal system was in a
pattern rather than linear form.
4. Discussion
The prognosis of root canal-treated teeth can be improved by
sealing the canal and minimizing the leakage of oral ﬂuids and
bacteria into the periradicular areas as soon as possible after
the completion of root canal therapy (Heling et al., 2002). It
has been reported that a combination of good coronal restora-
tion and endodontic treatment results in fewer periapical
inﬂammatory lesions and an 80% success rate, whereas good
permanent restoration with poor endodontic treatment has a
success rate of 67.6%. It has also been reported that coronal
restoration and its sealing ability is a more signiﬁcant factor
in determining apical periodontal health than the technical
quality of endodontic treatment (Heling et al., 2002).
In some previous studies, the coronal portion of root ﬁlling
materials have been placed in contact with artiﬁcial saliva
(Madison et al., 1987; Swanson and Madison, 1987) or trypti-
case soy broth contaminated with two species of bacteria
(Torabinejad et al., 1990) to determine the length of time for
the dye or bacteria to penetrate into the exposed root canal ﬁll-
ing materials. However, the media used in these studies lacked
the proteins, enzymes, bacterial populations, and other prod-
ucts normally found in natural saliva. In our previous study
(Khayat et al., 1993), we used natural saliva and bacteria pres-
ent in the oral environment because the use of human saliva
provides these elements. Nevertheless, it is still a static model
and does not completely simulate clinical conditions, although
it may give a more natural and true picture of dye or bacterial
leakage in clinical situations.
Dyes and isotopes are good substances for comparing rela-
tive leakage and pattern, but because of their molecular size,
they may not give a true picture of the leakage of bacteria or
their by-products. After exposure of root canal ﬁlling materials
to human saliva, Magura et al. (1991) reported that saliva pen-
etration was signiﬁcantly slower than dye leakage. In this
study, India ink was used because it has been shown to be com-
parable with bacteria in size and degree of penetration (Chong
et al., 1995).eft) (Y axis). Extent of dye penetration (mm) (X axis) in Groups A
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the penetration of bacteria through the obturated root canal.
Further studies should focus on various conditions present in
in vivo, ex vivo, and in vitro conditions, including physiological
hydrostatic pressures, tissue oxygenation, tissue solvents, tooth
temperature, and mastication pressures and forces.
The dye leakage test after the bacterial test on the same
teeth was applied by Barthel et al. (1999) and no correlation
was found between the tests. Pommel et al. (2001) also com-
pared ﬂuid ﬁltration, electrochemical and dye leakage tests
for evaluating the sealing ability of single cone and vertical
condensation obturation techniques, using the same teeth
and found no correlation among the tests. They indicated that
this result was not surprising because a correlation implies that
leakage phenomena are simultaneously governed by electrical,
ﬁltration, and diffusion laws. It was pointed out that the out-
come of the study depended on the test method used. In the
current study, we found that although the time of bacterial
leakage in Group A was insigniﬁcantly more than that in
Group B, the extent of dye penetration was signiﬁcantly more
in Group B compared to Group A.
In the negative control group, one sample did not remain
sterile until the end of the experimental period, which was
due to the presence of any minute pathway between the broth
and the outer environment. This may be due to the presence of
some pathways between the root canal space and the outer
layer of the tooth that were not fully covered by the nail polish.
Also, the presence of any defects in the apparatus may result in
the contamination of the broth.
Adhesion of ﬁlling materials to the root canal walls may
contribute to decreased leakage. Wennberg and Ostravik
(1990) found increased adhesion of resin sealer to root canal
dentin when compared with zinc oxide eugenol sealers. Saun-
ders and Saunders (1994) showed that an adhering glass-iono-
mer sealer provides a superior coronal seal when compared to
a non-adherent zinc oxide sealer in lateral condensation tech-
nique. The results of our study were comparable with these
studies since gutta-percha and ZOE sealer were used in our
study, and the pattern of dye penetration was also visible at
the ﬁlling material–dentin interface.
From a clinical point of view, it appears possible that gram
negative bacteria might release endotoxins, resulting in an
inﬂammatory reaction in periapical areas (Trope et al.,
1995). In non-clinical situations, turbidity of the medium broth
is principally the result of bacteria themselves. In the present
study, the endotoxins might have penetrated through the entire
root canal, leading to no medium broth turbidity. Bacterial
penetration also needs much more space for penetration than
their by-products.
It has been demonstrated in vitro that root ﬁllings are sus-
ceptible to microleakage when attacked coronally by artiﬁcial
or natural human saliva (Swanson and Madison, 1987; Tora-
binejad et al., 1990; Magura et al., 1991; Heling et al., 2002),
which might be explained by the fact that saliva promotes or
allows sealer dissolution, permitting penetration of microor-
ganisms within the obturation mass and/or between this mass
and the root canal walls.
It has been shown that dye penetrates 79–85% of the root
length in experimental intervals of 3, 7, 14, 28, and 56 days
in samples resembling lower teeth (Swanson and Madison,
1987). The results of our study were parallel and showed thatthe penetration of dye in the lower teeth was signiﬁcantly more
than that in the upper teeth.
Two different species of bacteria were used for an apical
recontamination study: Proteus vulgaris, which is highly motile
and Streptococcus epidermidis, which is non-motile (Torabine-
jad et al., 1990). The results showed that S epidermidis contam-
inated the exposed root canal system faster (average 24.1 days)
compared to P vulgaris (48.6 days), indicating that the motility
of bacteria may not be an important factor for recontamina-
tion of an exposed obturated root canal system.
Retreatment of the obturated root canals exposed to the
oral environment for three months is suggested (Magura
et al., 1991). It is difﬁcult to determine what happens between
one month and three months. Saliva penetration may gradu-
ally increase during this period or experience a spike of accel-
erated penetration. Clinicians must judge cases that fall within
this time period of coronal leakage with the existing conditions
of each case and consider different factors including gravity
and capillarity.
We have shown that although gravity and capillarity do not
affect bacterial penetration when applied to the coronal access
of endodontically treated teeth, they appear to promote pene-
tration of India ink into the canal after the bacterial test on the
same tooth.
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